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ABSTRACT 



Since the beginning of the scientific revolution in the 
1700s, the absolute scale of the human economy has increased many times over, 
and, with it, the impact on the natural environment. This learning module's 
activities introduce the student to linkages among population growth, energy 
use i level of economic and technological development and their combined 
impacts on the environment. The module aims to actively engage students in 
problem solving, critical thinking, scientific inquiry, and cooperative 
learning. It is appropriate for use in any introductory or intermediate 
undergraduate course that focuses on human- environment relationships. 
Following a guide and a summary, the module is divided into the thematically 
coherent units: (1) "Human Driving Forces of Global Change Background 

Information"; (2) "Population Growth Background Information"; (3) "Energy Use 
Background Information"; and (4) "Total Pollution Output from the Human 
Economy into the Environment Background Information." Appendixes list 
teaching aids, textbooks, data sources, videos and computer support, selected 
Internet sites, references on related subject matter, and suggested readings. 
Contains 8 tables, 24 figures, a list of acronyms, a glossary, supporting 
materials, and 66 references. (BT) 
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Editor’s Note 



A major goal of this project, “Developing Active Learning Modules on the Human 
Dimensions of Global Change,” is to disseminate instructional materials that actively engage 
students in problem solving, challenge them to think critically, invite students to participate in 
the process of scientific inquiry, and involve them in cooperative learning. The materials are 
appropriate for use in any introductory and intermediate undergraduate course that focuses on 
human-environment relationships. 

We have designed this module so that instructors can adapt it to a wide range of student 
abilities and institutional settings. Because the module includes more student activities and more 
suggested readings than most instructors will have time to cover in their courses, instructors will 
need to select those readings and activities best suited to the local teaching conditions. 

Many people in addition to the principle author have contributed to the development of this 
module. In addition to the project staff at Clark University, the participants in the 1995 summer 
workshop helped to make these materials accessible to students and faculty in a variety of 
settings. Their important contributions are recognized on the title page. This module is the result 
of a truly collaborative process, one that we hope will enable the widespread use of these 
materials in diverse undergraduate classrooms. We have already incorporated the feedback we 
have received from the instructors and students who have used this module, and we intend to 
continue revising and updating the materials. 

I invite you to become part of this collaborative venture by sending your comments, 
reactions, and suggested revisions to us at Clark. To communicate with other instructors using 
hands-on modules, we invite you to join the Hands-on listserve we have established. We look 
forward to hearing from you and hope that you will enjoy using this module. 



Susan Hanson 
Project Director 

School of Geography 
Clark University 
950 Main St. 

Worcester, MA 01610-1477 
ccg2@vax. clarku.edu 
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Summary: Population Growth, Energy Use, and Pollution: 
Understanding the Driving Forces of Global Change 



Abstract 

Since the beginning of the scientific 
revolution in the 1700s, the absolute scale of 
the human economy has increased many 
times over, and with it, the impact on the 
natural environment. The human population 
has grown exponentially and per capita 
resource consumption and waste production 
have skyrocketed along with the standard of 
living. The combined effect of population 
growth and increased resource use per 
person (energy will be used as an example 
here) is a multiplicative increase in the 
material throughput of the human economy 
from resource sources to waste sinks. The 
activities in this module introduce the 
student to linkages among population 
growth, energy use, level of economic and 
technological development and their 
combined impacts on the environment. 
Students will learn key concepts like 
exponential population growth, hidden 
momentum, technological and structural 
change, energy intensity, and elasticity. We 
also present various schools of thought 
about the relationship between population 
and environmental impacts, although the 
emphasis here is on the 
multiplicative/ synergistic school. 

Throughout, the activities foster critical 
thinking and analytical skills, reading 
comprehension, and synthesis of the 
complex interrelations among the driving 
forces behind global change. 

General Module Objectives 

✓ To introduce the student to the absolute 
scale of population and energy use in 
today’s world 



•/ To tie these two driving forces of global 
change together via the concept of material 
throughput 

•/ To provide the student with the key 
economic and demographic concepts needed 
to understand the geographic variability and 
internal dynamics of the growth of 
population and energy use 
•/ To illustrate those key concepts via 
quantitative analysis of energy and 
population data 

•/To critically evaluate the relationship 
between population growth, affluence, and 
environmental degradation 

Skills 

This module enables students to 
*/ understand and apply the theoretical 
models and concepts explaining population 
growth and energy use 
%/ explain the differences between the 
energy and population development paths of 
various countries 

•/ produce, interpret, and critically assess 
graphs with linear and logarithmic scales 
•/ understand the correspondence between 
longitudinal and cross-sectional analysis 
•/ apply algebraic math skills for 
calculating population growth, energy 
efficiency, etc. 

✓ summarize and critically assess 
arguments and data and to synthesize 
information and theories 
/ engage with the local community 

Activities 

•/ Graphing and calculating population 
growth 

•/ Examining the demographic transition 
theory 
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*/ Simulating the hidden momentum of 
population: a "what-if ’ scenario for Mexico 
1 / Decoupling energy use from economic 
growth: is it possible? 

✓ Putting it all together, how population, 
consumption, and technology interact with 
other forces to affect the environment. 

Material Requirements 

✓" Student Worksheets (provided) 

*/ Graph paper (provided) 

*/ Energy use data (provided) 

*/ World Population Data Sheet or other 
source of current population data 
1 / Thematic maps (of wealth, population, or 
energy use) 

Calculators 

Pencils 

Readings (some provided) 

Human Dimensions of Global Change 
Concepts 

\/ Human driving forces 
*/ Population dynamics concepts 
(exponential growth, the demographic 
transition theory, population density, the 
hidden momentum of population) 

1 / Schools of thought on the relationship 
between population and environment 
/ Systems concepts (throughput, delays, 
sources, sinks, feedbacks, and 
nonlinearities) 

/ Energy use concepts (energy intensity 
and elasticity, structural and technological 
change, renewable and nonrenewable 
resources, and demand side management) 

\/ Global climate change 
/ Mitigation 



Population distribution 
Carrying capacity 
/ Development 
Diffusion 

Time Requirements 

In class 6-15 hrs, homework 5-40 hrs, 
required readings 3-12 hrs (depending on 
selection of in-class and at-home activities 
and reading assignments). In 2 weeks, the 
instructor could introduce the bare essentials 
of the material and do some of the shorter 
activities from each of the four units in the 
module. A minimum of 3 weeks is 
recommended to cover population and 
energy adequately. In 5 weeks, the 
instructor could cover all of the materials in 
depth and do many of the activities. If the 
instructor has less than 2 weeks available, 
he/she could choose a subset of topics to 
focus on (i.e., population growth, the 
demographic transition, or the schools of 
thought on how population growth effects 
the environment). 

Difficulty 

The population portion of this module is for 
the lower division undergraduate level. The 
energy portion might need extra adaptation 
to work well for freshmen and sophomores. 
Students will use some applied mathematics 
(percentages, exponents, scatter plots, 
curve-fitting by eye; logarithmic graphs). 

The module suggests quite a bit of reading, 
but it can be taught with lower reading 
intensity. 



Geography Concepts 

✓ Human impacts on the environment 
/ Intercountry variation 
1 / Scale 

1 / Natural resources 
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Module Overview 



The scale at which human activity alters the natural environment has increased 
dramatically in the last three centuries. The Scientific Revolution that began in the 1700s was 
more than just an Industrial Revolution: it also transformed medicine, agriculture, settlement, 
and sanitation. Taken together these changes enabled people to live longer and wealthier lives. 
As a consequence total population and per capita resource use began to grow exponentially, 
though not at the same rate everywhere. Total material flow from the resource base, through the 
human economy and back into the environment as waste, has multiplied many times over and is 
threatening the environmental systems upon which life on Earth depends. Opinions among 
scientists, politicians, and citizens are deeply divided as to what the future holds. 

This module introduces students to some of the fundamental questions about the 
connections among population, resource and energy use, and environmental impacts. 

• What factors have caused the enormous growth of population and energy use in the past? 

• To what extent is population growth responsible for the environmental problems we see today? 

• What opportunities are there for slowing population growth, per capita energy use, or the 

environmental harm caused by each unit of energy use? 

The module highlights the complexities, non-linearities, and delays that complicate the 
relationships among population, wealth, and environmental impacts. Unit 1 introduces the 
concept of human-induced global change and provides an overview of the different approaches 
to framing the population-environment relationship. The next two units focus on population and 
energy use, respectively, in the context of global change. The unit on population introduces 
basic population geography concepts and skills (demographic transition theory, exponential 
growth, etc.) and explores the relationship between population and energy use. The unit on 
energy focuses on supply vs. demand issues and trends in energy consumption. Unit 4 returns to 
the various ways that the relationship between population and environmental change has been 
framed and provides students an opportunity to synthesize the knowledge gained in previous 
units about the relationships among population growth, consumption and technology, and 
environmental degradation. 

The module provides students with the concepts and tools needed to make sense of the often 
contradictory and contested information on population, energy, and environment and to provoke 
them to draw their own conclusions based on a comprehensive understanding of the linkages 
among demographic, economic, environmental, and resource systems. The activities are 
designed to develop students’ (1) appreciation of the global linkages among population, energy 
usage, and environmental impacts; (2) understanding of the basic concepts and dynamics of 
population growth; (3) understanding of energy usage and links to economic activity and growth; 
and (4) assessment of the enormous and value-charged complexity of the population- 
environment relationship. Throughout, students are challenged to think critically and practically 
about their own habits and lifestyles. 



1 I Human Driving Forces 
of Global Change 

Background Information 



Introduction to Global Change 

On December 12, 1996, 5.7 billion people inhabited the earth, over 200,000 more than the 
day before, and over 85 million more than on the same day in 1995. In one year, we consumed 
an amount of fossil fuels equivalent to the energy in 42 billion barrels of oil and released 
approximately 22 billion metric tons of carbon dioxide into the atmosphere (WRI 1996). As far 
back as 1873, the Italian geologist Stoppani suggested that the world had entered the 
"anthropozoic era ,” 1 meaning, one in which the power and universality of humanity’s influence 
on the natural world could be compared to the great geologic, energetic, and biotic forces of the 
earth. What would Stoppani say today, with four times as many people inhabiting the planet, 
most of whom are far richer and consume vastly more resources than the typical late 19th 
century Italian and who use technology that even Leonardo da Vinci could not have envisioned? 
He might predict that the anthropozoic era will be the shortest geologic era on record (and what a 
record it would leave behind!) as a direct result of humanity’s effect on nature. 

Clark (1988) identified four fundamentally different mechanisms by which humans affect the 
natural world: 

1 taking needed materials and energy (resources) out of the natural subsystems (causing, 
e.g., soil nutrient loss), or redistributing them {e.g., through water diversions); 

2. releasing pollutants of all kinds into different natural subsystems; 

3. transforming the physical surface of the earth in terms of its structure (e.g., terracing), its 
surface characteristics (e.g., its reflectance [albedo]), and its habitats (e.g., wetlands 
drainage); and 

4. by removing or manipulating species from ecosystems through harvesting, hunting, 
introducing competitive species, or genetically altering species by domestication, 
hybridization, or gene-splicing. 

In addition, there are interactions among the above four categories, such as species extinction 
caused by pollution or habitat destruction. 

Clark further pinpointed agriculture, industry, and energy consumption as the three main 



'Words that appear in bold can be found in the Glossary. 
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groupings of human activities that precipitate these four fundamentally different kinds of 
environmental changes (though one might usefully separate out settlement, mining, or animal 
husbandry as distinct activities). To study the human causes of environmental change, we could 
adopt a piecemeal approach of looking at how each of the three kinds of human activities causes 
each of the four kinds of environmental change — a 3x4 matrix of activities and impacts that 
even thus disaggregated is woefully oversimplified (see Figure 1). However, current scientific 
thinking about global change views all impacts as being caused by the fundamental process of 
human-induced change in energy and material flows. Obviously, any form of pollution (broadly 
understood) — from global C0 2 emissions in the air, to radioactive waste in the ground, to 
dioxins in the waters — can be seen in this light. But so too can soil erosion, strip mining, 
damming of rivers, deforestation, wetlands drainage, irrigation, hunting, and terracing. Whether 
purposefully or inadvertently, altered flows of energy and materials in nature also affect flows of 
food and industrial inputs into the human economy. 

Figure 1: Matrix of Human Activities and Impacts on the Environment 



Types of 
Impacts 


Main Groups of Human Activities 

Agriculture Industry Energy Cons. 


Resource Use 








Pollution 






Focus of this 
module 


Struct Change 








Species Removal 









Source: Constructed after Clark (1988) 



This module focuses on the forces (population and energy use) driving the enormous global 
growth in energy-related atmospheric emissions. While this emphasis corresponds to only one of 
the twelve cells in the 3x4 matrix shown in Figure 1, the driving forces also underlie other 
activities and impacts. Population growth clearly increases the scale of agricultural and industrial 
activities, both in their spatial coverage of the earth’s surface and in their intensity. Population 
growth also increases polluting and non-polluting impacts. Energy production and use directly 
contribute to all four kinds of environmental impacts, and they resemble industry (though less so 
agriculture) in their close relationship with economic growth. In short, this module will look at 
the interconnected driving forces of global environmental change, with particular emphasis on 



(1) population and (2) energy. These driving forces are especially well-suited for linking the 
human economy with our environment and climate. 



Introduction to the Global Perspective in Environmental Studies 

People have been aware of the dangers of pollution and other environmental impacts since 
the early days of the Industrial Revolution. The smoke from England’s factories, and the 
coughing it induced were, after all, hard to ignore. The effects of invisible pollution, however, 
were not taken seriously until Rachel Carson (1962) exposed the insidious dangers of DDT and 
other chemicals in Silent Spring and Japan’s Minimata Disease (first identified in 1956) was 
linked to high mercury concentrations in fish. As environmental awareness spread, scientific 
activity increased and evidence of human impacts to the environment mounted. Still, in these 
early days, the problems were usually seen as localized events that may have been happening at 
sites around the world but were not necessarily part of any linked global system. 

The idea that many environmental problems were globally interconnected came to the fore in 
the early 1970s (Buttel, Hawkins, and Power 1990). Much environmental science and activism 
merged around the concept of "limits to growth,” the title of the best-selling book by Meadows 
and colleagues (1972) that sold 9 million copies. In Limits to Growth researchers applied the new 
science of systems dynamics to simulate the future of the global human-environment system. 
Limits to Growth argued that exponential growth of population and wealth lead to overshooting 
the carrying capacity of the earth. Carrying capacity is a quantity that is somewhat difficult to 
measure, but it is broadly defined as the number of people (or other species) an area can support 
indefinitely (i.e., sustainably) given the current technology (Higgins et al. 1982). Overshooting 
the carrying capacity of an area implies that the presence of too many individuals overstresses 
the food, air, and water resources upon which they depend for survival. Malthus, an eighteenth 
century minister and social thinker, suggested that this condition would lead to war, famine, or 
plague, thereby reducing the population to a level below the carrying capacity. Meadows and 
colleagues built a number of corrective paths into their model for bringing population, resource 
use, and environmental problems under control in less calamitous ways, but those mechanisms 
were outweighed by the sheer scale and inertia of the system. Limits to Growth is most famous 
for its lasting images of exponentially rising curves that overshoot the carrying capacity, turn 
down, and plummet, signifying a collapse of population, food supply, standard of living, and life 
expectancy. 

For the majority of people who did not read the book, the defining image of this period of 
environmental thought may have been the photographs of planet Earth from the Apollo missions 
to the Moon, its continents surprisingly close together, its clouds and waters interconnected, 
spinning alone in the vacuum of space. This image of “Spaceship Earth” instilled in people’s 
minds a sense of the finiteness of our earth. When the 1973-74 OPEC oil embargo set off the 
world’s first oil crisis, the Limits to Growth graphs seemed to be prophetic. During the 
alternative lifestyle period of the 1960s and early 1970s, many students were intrigued by 
Limits to Growth’s, message that part of the problem was our consumer lifestyle and our 
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seemingly infinite appetite for material goods. Other similar studies, including the enormous 
Global 2000 report commissioned by President Carter (US Council on Environmental Quality 
and US Department of State 1980) followed and supported these conclusions and warnings. 

Figure 2: Limits to Growth -- A Scenario of a Collapsing World 




Source: Meadows et al. 1972. Limits to growth. New York: Universe Books, 
their Figure 35, p. 124. Reprinted with the permission of Universe Books. 

The limits to growth paradigm came under fire, however, for a number of historical, 
scientific, and cultural reasons; as a result, environmentalism, which until then was largely based 
on this type of thinking, lost some of its unity and appeal. Scientifically, global modeling was 
attacked for what was perceived as built-in pessimistic biases, lack of regional differentiation, 
and inadequate consideration of market mechanisms and technological change (Cole et al. 1973). 
As new oil was discovered in Alaska and the North Sea, as the OPEC unity crumbled, and as 
automakers responded with more fuel-efficient cars, the running-out-of-oil scenario seemed like 
just another cry of "wolf’ by anti-business environmental “shepherds.” The simultaneous farm 
crisis in the US, during which the federal government paid farmers not to grow crops, made 
claims of a global food shortage sound contradictory. Stagflation (economic stagnation plus 
inflation) struck in the late 1970s, followed by deep recession in the early 1980s, making any 
suggestion of restraining economic growth a form of political suicide. 

To people in the US and Western Europe, not to mention to those in the poverty-stricken 
Third World, the Limits to Growth recipe for the future was anathema. Vargish (1980) argued 
that the main reason for people’s antipathy to the Limits of Growth paradigm was its suggestion 
that everything would not work out o.k. if left to the laws of God, Adam Smith, or Karl Marx. 



According to Vargish, the Limits paradigm simply “strips us of the assurance offered by past 
forms of Providence and progress and ... thrusts into our reluctant hands the responsibility for the 
future. And that is why the person sitting next to you hates Limits to Growth ” (Vargish 1980 
187). 

Global change emerged in the mid- to late- 198 Os as a new unifying banner for the 
environmental movement and the environmental sciences. The defining issues for the global 
change movement are the "ozone hole,” the destruction of tropical rainforests, and what is 
known as the greenhouse effect. Policy-makers and public opinion makers tend to favor 
technological, market-oriented, and international responses to these challenges. 

The “ozone hole” and the scientific, journalistic, and political response to it is a model for 
the new global paradigm (Benedick 1991; Meadows et al. 1992). In just over a decade after the 
publication of the first papers suggesting that chlorofluorocarbons (CFCs) could thin the 
stratospheric ozone layer (Stolarski and Cicerone 1974; Molina and Rowland 1974), scientists 
of the British Antarctic Survey found proof (Farm, Gardiner, and Shanklin 1985). Eventually, the 
scientific evidence convinced 36 of the world’s major countries to sign the Montreal Protocol in 
1987 to freeze CFC production at 1986 levels, followed by 20% and 30% reductions by 1993 
and 1998. Then, as the South Pole "ozone hole” widened and potential health effects became 
more widely known, and as corporations saw the profit opportunities in engineering substitute 
refrigerants, the world community surprised itself by forging agreement among 92 countries to 
phase out CFC production altogether by 2000. 

Buttel, Hawkins, and Power (1990) suggested that today’s global change movement shares 
some of the thinking of the Limits to Growth paradigm but differs in some significant ways. The 
commonalities between the old and new environmental paradigms are their global scope, their 
systems-thinking approach, and their neo-Malthusian preoccupation with the gross scale of 
human activity (see The Role of Population in Environmental Change: A Survey of Perspectives 
later in this Unit). Because of the complex systems involved, another commonality has been the 
use of sophisticated computer models. And, of course, "both [global] perspectives are 
characterized by a predicted pathological scenario of environmental collapse, which in turn is 
held to threaten the survival of the human species” (Buttel, Hawkins, and Power 1990: 59). For 
instance, tropical deforestation is a regional equatorial phenomenon that has captured the global 
imagination because of its role in the global system as a water purifier, carbon sink, and species 
reservoir, not to mention its importance as a home to indigenous peoples and as a tourist 
destination. Pictures from space complement studies done in the field, and the combination of 
approaches provides a more comprehensive understanding of tropical forests and how human 
activities are changing them. Like the “ozone hole” and the greenhouse effect, deforestation is 
linked to the exploding world population and wealth, though in complex and globally non- 
uniform ways. 2 



There is a growing recognition that deforestation is not just a tropical phenomenon, e.g. deforestation in 

Siberia. 







8 



19 



What marks the new global environmental paradigm as different from the last is that the 
private corporate sector and their technologies are seen as part of the solution rather than part of 
the problem. In the economically competitive 1990s, few dare suggest curtailing economic 
growth. The need for continued economic growth is the one thing upon which liberals and 
conservatives, ex-communists and capitalists, “First Worlders” and “Third Worlders” seem to 
agree. Other defining differences between the old and the new global environmental paradigms 
seem to be an emphasis on market mechanisms, partnership, and compromise as opposed to 
authoritarianism, antagonism, and extremism. These differences, along with the "dread factors” 
common to the Limits to Growth scenarios, seem to be responsible for the generally favorable 
reception (so far) given to global environmental change by journalists, politicians, business 
leaders, scientists, and the public (Buttel, Hawkins, and Power 1990). 

Although there was scientific and political agreement on ozone, it is far less likely that there 
will be a scientific and political consensus to address the climate change (greenhouse) threat in a 
similarly swift and unified way. Achieving such a consensus will depend on many factors, 
including the degree of scientific consensus, the quality of the scientific evidence, the strength 
and nature of the associated hazards, the mitigation cost to the various parties within and 
between countries, and the availability and acceptability of technological solutions. Because 
fossil fuels (the major source of C0 2 emissions) have been fundamental to the industrial 
economy (see Figure 3), the debate over how to reduce global C0 2 emissions is more highly 
charged than was the debate over ozone. At heart, it is a debate between rich and poor, between 
developed and yet-to-develop countries, between North and South; it is a debate among different 
notions of justice and responsibility for the habitability of the earth and the socio-economic well- 
being of its inhabitants. 

At the 1992 Earth Summit in Rio de Janeiro, the “real” nature of the debate was revealed 
when the US broke ranks with the Europeans and Japan on committing to C0 2 cutbacks, 
claiming economic hardship and scientific uncertainty. Likewise, China and other less developed 
countries felt that to freeze their C0 2 emissions at 1990 levels would freeze them in poverty. 
Although there is a broad scientific consensus about the basic principles and potentialities for 
global warming, debate continues over the evidence that ties current warming trends to C0 2 , 
over the strength of the negative feedback loops that could rein in global temperatures naturally, 
and over other factors such as volcanic ash and aerosols that may be masking the C0 2 -caused 
increases (for more detail, see Broecker 1992, and Liverman and Solem 1996). Buttel, Hawkins, 
and Power (1990) cite several other issues that could potentially erode support for the global 
change movement in general and climate change action in particular. If the problem is stated as a 
choice between, on the one hand, fossil fuels and C0 2 emissions and, on the other hand, nuclear 
power or huge hydropower projects like China’s Three Gorges that disrupt ecosystems, flood 
scenic canyons, and displace hundreds of thousands of villagers, then opinions on climate 
change could easily polarize and paralyze the process of finding solutions. 



Figure 3: Global C0 2 Emissions Rates, 1880-1990 

(in 1 O’ 5 g Carbon per year) 




Source: Balling. 1992. The heated debate. San Francisco: Pacific Research Institute 
for Public Policy. Reprinted with permission of the Pacific Research Institute. 

This section has focused on why we are interested in global changes and the forces that bring 
them about. Before we look at these forces more closely in Units 2 and 3, let’s begin by 
examining the ways in which people think about the relationship between global population size 
and global environmental change. In fact, there is an on-going and heated debate in the scientific 
community about this relationship, and an understanding of the different positions will help you 
form your own opinion on the matter. 



Background to the Population-Environment Debate 3 

Global change research has adopted a holistic systems perspective in the search for an 
explanation of causality. One element of this new approach is the focus on “driving forces” of 
global environmental change (Stem, Young, and Druckman 1992). Population is theorized to be 
a key driving force along with economic activity, technology, political and economic 
institutions, and attitudes and beliefs, in bringing about change in the global environment. This is 
indeed a more comprehensive and sophisticated conceptualization compared to the earlier Limits 
to Growth perspective, but how exactly these forces interact to produce global environmental 
changes remains to be explained for different social, cultural, and geographic settlings. Because 



3 This section and the next are largely based on contributions by Robert Ford, and modified by the author. 
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